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(57)Abstract: 

PURPOSE: To provide a reverse-current carrying type 
IGBT in which an IGBT and a diode are formed into one 
body and at the same time a current is not concentrated 
into the IGBT. 

CONSTITUTION: An IGBT comprise a substrate 1, a 
base layer 2 provided in the first main surface of the 
substrate 1, a source layer 3 provided therein, a 
collector layer 4 provided in the second main surface of 
the substrate 1 , an insulated gate electrode 5 bridgingly 
arranged between the adjacent layers 3, the source layer 
3 and the base 2 being in contact with each other, and a 
diode comprise an emitter layer 9 provided between 
adjacent base layers 2, a collector short-circuiting layer 
10 provided between collector layers 4, a source 
electrode 7 provided in the surface of an emitter layer 4 
and a collector electrode 8 provided in the surface of 
the collector short-circuiting layer 1 0. A unit cell is 
constituted of the IGBT and the diode, and the unit cell 
is so formed as to be sequentially arranged within the 
substrate 1. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The insulated-gate bipolar transistor characterized by providing the following, It is 
formed between the base layers of two adjacency **** in the non-installing field of the 
aforementioned insulated-gate electrode. And the emitter layer of the 2nd conductivity type of 
low high impurity concentration thinner than the aforementioned base layer, The collector short 
circuit layer of the 1st conductivity type formed between the aforementioned collector layers in 
the aforementioned 2nd Lord front face, A unit cell is constituted by the diode which consists of 
a source electrode formed in the front face of the aforementioned emitter layer, and a collector 
electrode formed in the front face of the aforementioned collector short circuit layer. The 
reverse flow type insulated-gate bipolar transistor to which the aforementioned unit cell is 
characterized by carrying out arrangement formation into the aforementioned base at order It 
has the main front face of a couple and is the base of the 1st conductivity type of low high 
impurity concentration. The base layer of the 2nd conductivity type formed in the 1 st Lord front 
face of the aforementioned base The source layer of the 1 st conductivity type formed in the 
aforementioned base layer The insulated-gate electrode which bridging arrangement was carried 
out between the collector layer of the 2nd conductivity type formed in the 2nd Lord front face of 
the aforementioned base, and the source layer of two adjacency ****, and was insulated with 
the circumference, the source electrode by which arrangement formation was carried out on the 
outside of the aforementioned insulated-gate electrode while contacting the aforementioned 
source layer and the base layer, and the collector electrode formed at the front face of the 
aforementioned collector layer 

[Claim 2] The aforementioned emitter layer is a reverse flow type insulated-gate bipolar 
transistor according to claim 1 characterized by forming by the lap of longitudinal direction 
diffusion of the base layer of the two aforementioned adjacency ****. 
[Claim 3] The reverse flow type insulated-gate bipolar transistor according to claim 1 
characterized by having contacted the source electrode of the aforementioned emitter 
stratification portion to the aforementioned base, and forming the Schottky barrier there instead 
of forming the aforementioned emitter layer. 

[Claim 4] The reverse flow type insulated-gate bipolar transistor according to claim 1 to 3 
characterized by preparing the collector buffer layer of the 1st conductivity type of high high 
impurity concentration from the aforementioned base between the aforementioned base and the 
aforementioned collector layer. 

[Claim 5] For the aforementioned emitter layer, carrier concentration is 1x1014-/cm2. Reverse 
flow type insulated-gate bipolar transistor according to claim 1 characterized by being in the 
range the thickness of whose it is the following and is 100A or 100nm. 

[Claim 6] The manufacture method of the reverse flow type insulated-gate bipolar transistor 
characterized by the bird clapper from each following process. 

1. the [ the 1st and ] — 2 Main Front Face — Having — the [ of Base of 1st Conductivity Type 
of Low High Impurity Concentration / Aforementioned ] — Process Which Introduces Impurity of 
1st Conductivity Type into 2 Main Front Face Partially, and Forms Collector Short Circuit Layer 
of High High Impurity Concentration in it — 2. The process which introduces the impurity of the 
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2nd conductivity type into the aforementioned 2nd Lord front face, and forms a collector layer in 
it, 3. The process which forms a gate electrode in the aforementioned 1 st Lord front face 
partially through an insulator, 4. The process which drives the impurity of the 1st conductivity 
type into the aforementioned 1st Lord front face alternatively, and forms the base layer of high 
high impurity concentration in it, 5. The process which forms the source layer of the 1st 
conductivity type of high high impurity concentration in the aforementioned base layer, 6. While 
making the process and the 1st Lord front face of 7. above which carry out opening of the 
aforementioned insulator layer of a portion which is made to put an insulator layer on the 
aforementioned 1 st Lord front face, then contacts the aforementioned base layer and a source 
layer carry out heating covering of the source electrode The process which forms an emitter 
layer in the base which contacts a source electrode directly at the time of the heating covering, 
the process which makes a collector electrode put on the 2nd Lord front face of 8. above. 
[Claim 7] It is 1x1014-/cm2 about the carrier concentration of the aforementioned emitter layer. 
The manufacture method of the reverse flow type insulated-gate bipolar transistor according to 
claim 6 which makes it below and is characterized by forming the thickness so that it may 
become the range of 100A or 100nm. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] Especially this invention relates to the reverse flow type insulated-gate 
bipolar transistor which unified an insulated-gate bipolar transistor (this is hereafter called IGBT) 
and antiparallel-connection diode per cell, and its manufacture method with respect to a reverse 
flow type insulated-gate bipolar transistor and its manufacture method. 
[0002] 

[Description of the Prior Art] Generally it responds to the polarity of the switching control signal 
supplied to a control terminal, and switching elements, such as a bipolar transistor and an 
insulated gate field effect transistor (this is hereafter called MOSFET), are known as a 
semiconductor opening-and-closing element which can make the load current turn on and turn 
off. However, in case these switching elements perform switching operation, it is on operation, 
respectively and has the advantage and demerit, for example, it is a high voltage, in performing 
switching control of a high current, the comparatively small bipolar transistor of the resistance 
loss at the time of the ON is suitable, and on the other hand, in performing RF switching 
operation, MOSFET with a quick switching speed is suitable. 

[0003] Moreover, in recent years, IGBT is developed as what combines the low resistive 
characteristic at the time of the ON in a bipolar transistor, and the high-speed switching- 
operation property in MOSFET, and this IGBT has come to be quickly used in various fields. 
[0004] When this IGBT is used for an inverter circuit etc., usually, it is used in many cases 
combining antiparallel-connection diode and the so-called free wheel diode, and, moreover, IGBT 
and antiparallel-connection diode are the things of the structure formed in the same 
semiconductor chip. In this case, the reverse flow type insulated-gate bipolar transistor (this is 
hereafter called reverse flow type IGBT) which combined IGBT and antiparallel-connection diode 
is indicated by JP,62-109365,A (it is called the former). Moreover, the structure which united 
MOSFET and diode with reverse parallel is indicated by JP,2-45434,A (it is called the latter). 
[0005] By the way, the composition of reverse flow type IGBT of an indication to the former The 
two-layer section and p of n and p+ which the insulated-gate electrode prepared [ the IGBT 
portion ] caudad, The ** which consists of three layers of n+ and p+ and moreover does not 
form a collector layer all over the lower part of a base layer, Prepare only under the insulated- 
gate electrode and n+ short circuit layer is formed in other portions, moreover — diode — a 
portion — IGBT — p — a layer (p a well layer) — diode — p — an emitter — a layer — ****** 
— using — p — an emitter — a layer — n — the base — a layer — n — + — an emitter — a 
layer — from — becoming (P+) - ( — n — ) - (n+) — a three-tiered structure — from — 
becoming — a thing — it is . On the other hand, although the composition of reverse flow type 
MOSFET of an indication to the latter is a like structurally at reverse flow type IGBT of an 
indication to the former, a point which is different from reverse flow type IGBT of an indication 
to the former is a point of having not used p layers (p a well layer) of MOSFET as a p emitter 
layer of diode, but having newly prepared p emitter layer of low high impurity concentration 
thinner than the p aforementioned layers (p a well layer). 
[0006] 
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[Problem(s) to be Solved by the Invention] However, reverse flow type IGBT which becomes the 
aforementioned indication is the thing of the structure where the diode portion is widely known 
as the so-called PIN diode. And since it has the pn junction section of high high impurity 
concentration, in order to time improvement in the speed, this PIN diode needs to perform 
heavy-metal doping, radiation irradiation, etc., such as gold (Au), and needs to shorten the life 
time of a carrier. However, if improvement in the speed is timed for the aforementioned PIN 
diode using a lifetime killer, increase of turn-on voltage, increase of the leak current by the 
elevated temperature, etc. will be brought about, and operation top un-arranging will be 
produced. 

[0007] Moreover, since the optimum value of reverse flow type IGBT which becomes the 
aforementioned indication of the life time of IGBT in it and diode does not necessarily 
correspond, It is difficult to satisfy the property of IGBT and diode simultaneously, moreover 
[ after making it flow through diode, when the polarity of the voltage impressed to reverse flow 
type IGBT is reversed, negative voltage is impressed to the anode side of IGBT at a positive and 
cathode side and there is no impression of a gate voltage ] Possibility that the parasitism 
thyristor which consists of n+ source layer, p base layer, an n-drift layer, and a p+ emitter layer 
will malfunction namely, carry out a latch rise with the carrier which remains inside reverse flow 
type IGBT becomes large. 

[0008] Thus, reverse flow type IGBT which becomes the aforementioned indication has the 
problem that it is difficult to have obtained upwards the diode in which high-speed operation is 
possible, and to unify IGBT and diode. 

[0009] Although the thing of the structure which divided IGBT and diode into each field in the 
same chip, carried out formation arrangement, and unified IGBT and diode on the other hand is 
already proposed by JP,61-15370,A, the point that the thing of this structure is also described 
below is not solved. 

[0010] That is, the more, as for bipolar elements, such as GTO (gate turn-off thyristor), negative, 
i.e., temperature, becomes [ the temperature coefficient of ON state voltage ] high, the more ON 
state voltage has the property to become low, and the more, as for unipolar elements, such as 
MOSFET for power, the temperature coefficient of ON state voltage becomes positive, i.e., an 
elevated temperature, on the other hand, the more ON state voltage has the property to become 
high. It has the property that it is easy for current concentration to tend to take place, and for 
current concentration to be unable to take place easily in a unipolar element in a bipolar element 
to one with it difficult [ to carry out parallel operation of the element concerned ], and to carry 
out parallel operation of the element concerned from a difference of such a property, in this case 
— although IGBT is what has the middle property of a bipolar element and a unipolar element — 
the structure of IGBT, and the current density at the time of use — between each cell of IGBT, 
since it is above, some which may become so large that current concentration cannot be 
disregarded depending on how, and are depended on the aforementioned proposal have the 
concern which produces current concentration among these cells 

[0011] this invention removes each aforementioned trouble, and the purpose is to offer reverse 
flow type IGBT which lost the current concentration produced in IGBT while measuring the 
unification with IGBT and diode. 

[0012] Moreover, other purposes of this invention are to offer the manufacture method of 
reverse flow type IGBT which can manufacture easily reverse flow type IGBT which unifies IGBT 
and diode and does not produce current concentration in IGBT using the usual means. 
[0013] 

[Means for Solving the Problem] For achievement of the aforementioned purpose, this invention 
has the main front face of a couple. The base of the 1st conductivity type of low high impurity 
concentration, The base layer of the 2nd conductivity type formed in the 1st Lord front face of 
the aforementioned base, and the source layer of the 1st conductivity type formed in the 
aforementioned base layer, While contacting the insulated-gate electrode which bridging 
arrangement was carried out between the collector layer of the 2nd conductivity type formed in 
the 2nd Lord front face of the aforementioned base, and the source layer of two adjacency ****, 
and was insulated with the circumference, and the aforementioned source layer and a base layer 
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IGBT which consists of a collector electrode formed in the outside of the aforementioned 
insulated-gate electrode on the source electrode by which arrangement formation was carried 
out, and the front face of the aforementioned collector layer, It is formed between the base 
layers of two adjacency **** in the non-installing field of the aforementioned insulated-gate 
electrode. And the emitter layer of the 2nd conductivity type of low high impurity concentration 
thinner than the aforementioned base layer, The collector short circuit layer of the 1 st 
conductivity type formed between the aforementioned collector layers in the aforementioned 2nd 
Lord front face, A unit cell is constituted by the diode which consists of a source electrode 
formed in the front face of the aforementioned emitter layer, and a collector electrode formed in 
the front face of the aforementioned collector short circuit layer, and the aforementioned unit 
cell is equipped with the 1 st means by which arrangement formation is carried out at order in the 
aforementioned base. 

[0014] For achievement of the purpose besides the above, moreover, this invention 1. — the 
[ the 1st and ] — 2 main front face — having — the [ of the base of the 1st conductivity type 
of low high impurity concentration / aforementioned ] — the process which introduces the 
impurity of the 1st conductivity type into 2 main front face partially, and forms the collector 
short circuit layer of high high impurity concentration in it — 2. The process which introduces 
the impurity of the 2nd conductivity type into the aforementioned 2nd Lord front face, and forms 
a collector layer in it, 3. The process which forms a gate electrode in the aforementioned 1st 
Lord front face partially through an insulator, 4. The process which drives the impurity of the 1st 
conductivity type into the aforementioned 1 st Lord front face alternatively, and forms the base 
layer of high high impurity concentration in it, 5. The process which forms the source layer of the 
1st conductivity type of high high impurity concentration in the aforementioned base layer, 6. 
While making a source electrode put on the process and the 1st Lord front face of 7. above 
which carry out opening of the aforementioned insulator layer of a portion which is made to put 
an insulator layer on the aforementioned 1st Lord front face, then contacts the aforementioned 
base layer and a source layer It has the 2nd means which obtained reverse flow type IGBT 
through the process which forms an emitter layer in the base which contacts a source electrode 
directly, and the process on which the 2nd Lord front face of 8. above is made to put a collector 
electrode in order at the time of the heating covering. 
[0015] 

[Function] According to the 1st means of the above, since this reverse flow type IGBT can set 
up each composition of IGBT and diode independently mutually, it can give the operating 
characteristic respectively optimal about IGBT and diode. Moreover, since this reverse flow type 
IGBT can make small carrier concentration at the time of a diode flow compared with this 
conventional kind of diode, it can lessen the mutual interference between IGBT and diode 
extremely. Furthermore, there is work to which the diode with which a current distribution 
becomes uniform eases current concentration of IGBT, the temperature distribution within an 
element side are equalized, and it can suppress the element destruction by current 
concentration while it can raise the area utilization factor as an element, since this reverse flow 
type IGBT is constituted so that IGBT and diode may be unified for every unit cell, respectively. 
In addition, since this reverse flow type IGBT is the composition in which the collector short 
circuit layer in IGBT served as the emitter layer of diode, it can constitute IGBT and diode 
individually, and the structure's which combined them can compare it, and it can make element 
area small. 

[0016] According to the 2nd means of the above, when obtaining this reverse flow type IGBT, 
reverse flow type IGBT which only uses the usual means in order, and is made to unify IGBT and 
diode, and does not produce current concentration in IGBT can be manufactured easily. 
[0017] 

[Example] Hereafter, an example is explained for this invention in detail using a drawing. 
[0018] Drawing 1 is structural drawing showing the 1st example of reverse flow type IGBT by 
this invention, drawing 1 (a) is the drawing of longitudinal section, and this drawing (b) is the plan. 

[0019] In drawing 1 (a) and (b) 1 The base of the low high impurity concentration of a 
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conductivity type (for example, n type) on the other hand (n-drift layer), On the other hand, 2 
the base layer of an another side conductivity type (for example, p type), and 3 A conductivity 
type The source layer of high high impurity concentration of (for example, n type) and 4 An 
another side conductivity type The collector layer of high high impurity concentration of (for 
example, p type) and 5 An insulated-gate electrode, In 6, a gate electrode insulating layer and 7 
a collector electrode and 9 for a source electrode and 8 An another side conductivity type For 
the emitter layer of low high impurity concentration of (for example, p type), and 10, as for an 
IGBT channel and 12, on the other hand, the collector short circuit layer of high high impurity 
concentration of a conductivity type (for example, n type) and 1 1 are [ a diode channel and 13 ] 
MOS field channels. 

[0020] And a base 1 has the 1st and 2nd main front faces, a predetermined interval is kept in the 
1st main front face, the base layer 2 is formed, and the source layer 3 is formed in a part for the 
center section in these base layer 2. The insulated-gate electrode 5 is formed so that the base 
layer 2 besides ****** may be bridged to one base layer 2 and it, and the circumference of this 
insulated-gate electrode 5 is electrically insulated with the contiguity member by the gate 
electrode insulating layer 6. The source electrode 7 is formed in the outside of the insulated- 
gate electrode 5, and the both ends of this source electrode 7 are carrying out electric 
conduction contact at the base layer 2 and the source layer 3. The IGBT channel 1 1 is formed in 
the front face of the base 1 of the insulated-gate electrode 5 bottom, and the MOS field channel 
13 is formed in the portion which results in the IGBT channel 1 1 through the source layer 3 from 
the base layer 2. A collector layer 4 is formed in the position which carries out abbreviation 
opposite at the insulated-gate electrode 5 on the 2nd front face of main of a base 1 , and a 
collector electrode 8 is formed in the outside of this collector layer 4. IGBT is formed of the 
above composition. 

[0021] Moreover, the emitter layer 9 is formed in one base layer 2 and it by which the insulated- 
gate electrode 5 in the 1st main front face of a base 1 is not bridged between the base layers 2 
besides ******, the source electrode 7 is formed in the outside of the emitter layer 9, and the 
diode channel 1 2 is formed in the base 1 side of the emitter layer 9. The collector short circuit 
layer 10 is formed between the collector layers 4 in the 2nd main front face of a base 1, and a 
collector electrode 8 is formed in the outside of the collector short circuit layer 10. Diode is 
formed of the above composition. 

[0022] Furthermore, superficially, as shown in drawing 1 (b), it is constituted so that it may have 
elliptical [ with the long and slender MOS field channel 13 ], and the source layer 3 is formed in 
the MOS field channel 13. The portion which the emitter layer 9 (and diode channel 12) is formed 
between the MOS field channels 13 which adjoin one MOS field channel 13, and consists of the 
two aforementioned MOS field channels 13 and emitter layers 9 (and diode channel 12) 
constitutes the unit cell which consists of one IGBT and diode. Unification formation of these 
unit cells is carried out in order into the base 1 at the shape of a stripe. 

[0023] In the aforementioned composition, since it is constituted so that the line which formation 
arrangement of the collector short circuit layer 10 is carried out, and connects both the emitter 
layer of diode to the projection section by the side of the anode in the longitudinal direction 
diffusion field of the emitter layer 9 and the base layer 2, and the direction of electric field may 
be in agreement, ON state voltage of diode can be made the lowest. Moreover, in the 
aforementioned composition, since the emitter layer 9 and the IGBT channel 1 1 of diode are 
divided, especially it separates and is separated [ from the source layer 3 ] of the emitter layer 9 
and the IGBT channel 1 1 , the mutual interference of diode and IGBT can be sharply reduced 
compared with this old kind of element. Furthermore, since the impurity total amount of the 
emitter layer 9 of diode can be lessened compared with this old kind of element, the superfluous 
carrier concentration which exists in a base 1 decreases, and can lessen the mutual interference 
of diode and IGBT further. In addition, the area utilization factor at the time of unifying IGBT and 
diode can be made into the maximum. 

[0024] By the way, although each aforementioned unit cell is juxtaposed in order in the base 1 as 
mentioned above, the base layer 2 works as a deep high high-impurity-concentration layer which 
forms the diode channel 12 while working as a base layer which forms the MOS field channel 13 
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of IGBT. The collector short circuit layer 10 of high high impurity concentration also has the 
work as an emitter layer by the side of the collector of diode with p emitter layer 9, and has the 
function to short-circuit electrically the pn junction formed of the collector layer 4 and base 1 of 
IGBT with a collector-electrode 8 side. For this reason, compared with the case where IGBT and 
diode are formed independently, respectively, it becomes possible to aim at reduction of the area 
of the whole element. 

[0025] When the size of each part of IGBT in this example and diode and an example of a 
property are given here, the width of face of 17 micrometers and the diode channel 12 of the 
width of face of the IGBT channel 1 1 is 5 micrometers. Resistivity is [ 30 ohm-cm and the 
thickness of the portion of a base 1 ] 50 micrometers, moreover, the base layer 2 Surface 
concentration is [ cm / 5x1018 3 and thickness /] 5 micrometers, the source layer 3 Surface 
concentration is [ cm / 5x1020 3 and thickness /] 1.5 micrometers, as for a collector layer 4, 
surface concentration is [ cm / 3x1018 3 and thickness /] 20 micrometers, and surface 
concentration is [ cm / 5x1020 3 and thickness /of the collector short circuit layer 10 ] 25 
micrometers. Furthermore, gate-length I the size of a flat-surface pattern was indicated to be to 
drawing 1 (b) is 25 micrometers, and gate width w is 2000 micrometers. 
[0026] Then, drawing 2 or drawing 6 is the block diagram showing the example of the 
manufacture method of reverse flow type IGBT by this invention. 

[0027] The same sign is attached to the same component as the component shown in drawing 1 
in drawing 2 or drawing 6 . 

[0028] Hereafter, based on drawing 2 or drawin g 6 , the manufacture method of the 
aforementioned reverse flow type IGBT is explained. 

[0029] First, as shown in drawing 2 , the base (n-drift layer) 1 of low high impurity concentration 
containing n type impurity, for example, Lynn, is prepared, known selective-diffusion technology 
is further used for the 2nd main front face of the base 1 for n type impurity, for example, Lynn, 
and the collector short circuit layer 10 is formed. 

[0030] Next, as shown in drawing 3 , projection insertion of p type impurity, for example, the 
boron, is carried out, and the collector layer 4 of low high impurity concentration is formed in the 
2nd main front face of a base 1 rather than the collector short circuit layer 1 0 using the same 
known selective-diffusion technology. In this case, since the direction of the collector short 
circuit layer 10 formed previously is high high impurity concentration even if it carries out 
projection insertion of p type impurity, for example, the boron, on the 2nd whole main front face, 
a collector layer 4 is alternatively formed in the field to which the collector short circuit layer 10 
does not exist. 

[0031] Subsequently, as shown in drawing 4 , an interval is suitably set on the 1st main front 
face of a base 1 , the insulated-gate electrode 5 which consists of polycrystal silicon through the 
gate electrode insulating layer 6 is formed, after formation of this insulated-gate electrode 5, a 
himself is alternatively devoted to a part for the both ends of the insulated-gate electrode 5 in p 
type impurity, for example, boron, and the base layer 2 is formed in the 1 st main front face. 
[0032] Then, as shown in drawing 5 , by using the insulated-gate electrode 5 and a resist as a 
mask, into the base layer 2, n type impurity, for example, Lynn, is driven in, and the source layer 
3 of high high impurity concentration is formed alternatively. 

[0033] Next, the gate electrode insulating layer 6 is made to put on a part for the periphery of 
the insulated-gate electrode 5, as shown in drawing 6 . Opening of the contact portions of the 
source layer 3 in the gate electrode insulating layer 6 and the base layer 2 is carried out. The 
aluminum containing silicon is made to put on the 1st whole main front face by the spatter etc. 
after that, and the source electrode 7 is made to form further by heat-treating the covering 
portion 430 or in 577 degrees C. At this time, aluminum diffuses the source electrode 7 into the 
portion of the diode channel 1 2 to which ohmic contact is carried out with the source layer 3 of 
high high impurity concentration, and the base layer 2, and the source electrode 7 contacts a 
base 1, very thin p type conductive layer 9 which is about 100nm, i.e., the emitter layer of low 
high impurity concentration, is formed, and the Schottky barrier is formed in the interface of the 
source electrode 7 and the emitter layer 9. On the other hand, the aluminum film containing 
silicon is made to put on the 2nd whole main front face by the spatter etc. like the above- 
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mentioned case, and a collector electrode 8 is formed by heat-treating the covering portion 430 
or in 577 degrees C. At the time of formation of this collector electrode 8, since the front face 
of a collector layer 4 is high high impurity concentration, a collector electrode 8 and a collector 
layer 4 become ohmic contact. 

[0034] It sets here and, for the emitter layer 9 of low high impurity concentration, carrier 
concentration is 1x1014-/cm2. It is the following and it is desirable that it is in the range the 
thickness of whose is 100A or 100nm. 

[0035] For the reason, carrier concentration is 2 1x1 01 4cm. If it becomes above, since the 
emitter layer 9 and the source electrode 7 will approach ohmic contact and the emitter layer 9 
will moreover become high high impurity concentration, a hole consists is easy to be poured into 
a base 1 of an emitter layer 9, and the high-speed operating characteristic of the recovery 
property of diode will be spoiled by the hole storage effect which is a minority carrier. 
[0036] Moreover, if the defect for example, in wire bonding arises in a Schottky barrier interface, 
it will flow into the recombination center which the electron produced to the aforementioned 
defect at the time of a reverse bias, the leakage current will increase to it, and a pressure-proof 
fall will come to arise as a result in it. in this case, if the thickness of the emitter layer 9 is 
chosen somewhat thickly, the probability that an electron will change by the tunnel current etc. 
to the aforementioned defect will be markedly alike, and will become small The minimum 
community of the thickness of the emitter layer 9 at this time is about 100A in general, therefore 
if the thickness of the emitter layer 9 is chosen as 1 00A or more, its leakage current decreases 
and it can attain high pressure-proofing-ization of diode. And since the Schottky barrier is 
formed between the emitter layer 9 and the source electrode 7, even if the depletion layer by pn 
junction causes a punch through to the source electrode 7, it has the advantage that pressure- 
proof degradation does not arise. On the other hand, if thickness of the emitter layer 9 is made 
thicker than required, since the impurity total amount in the emitter layer 9 will increase and 
pouring of the hole to a base 1 will increase, the high-speed operating characteristic of diode is 
spoiled. Under the present circumstances, if the thickness of the emitter layer 9 obtained by 
heat treatment in the above-mentioned temperature 430 or the range of 577 degrees C is about 
100nm and it is these 100nm or less, the high-speed operating characteristic of diode will not be 
spoiled. 

[0037] Subsequently, drawing 7 is structural drawing showing the 2nd example of the reverse 
conductivity type IGBT concerning this invention, drawing 7 (a) is the cross-section perspective 
diagram, and this drawing (b) is the plan. 

[0038] In drawing 7 (a) and (b), on the other hand, 14 is the collector buffer layer of high high 
impurity concentration of a conductivity type (for example, n type), in addition has attached the 
same sign to the same component as the component shown in drawing 1 . 

[0039] And the difference between this example and the 1 st above-mentioned example The 1 st 
example has the MOS field channel 13 elliptical [ long and slender ]. As opposed to the unit cell 
being formed in the shape of a stripe, respectively this example It has the circular MOS field 
channel 13 (portion which gave the slash of drawing 7 ). The point that the unit cell is formed 
circularly respectively the same, and the 1 st example As opposed to forming the collector short 
circuit layer 10 between each collector layer 4 this example is only the point which forms the 
collector buffer layer 14 in the base 1 side tooth back of a collector layer 4 between each 
collector layer 4, in addition there is no constitutional difference between this example and the 
1st example. 

[0040] Although the function of this example is essentially almost the same as the function of 
the 1st above-mentioned example By portions other than MOS field channel 13 being diode 
formation fields, and making the configuration of the MOS field channel 13 circular in the unit cell 
of the circular configuration of this example Since resistance of MOS field channel 13 portion 
can be made small, compared with the thing of the shape of a stripe in the 1 st above-mentioned 
example, there is an advantage that the current per unit area can be enlarged. 
[0041] Then, drawing 8 is structural drawing showing the 3rd example of the reverse conductivity 
type IGBT concerning this invention, drawin g 8 (a) is the cross-section perspective diagram, and 
this drawing (b) is the plan. 
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[0042] The same sign is attached to the same component as the component shown in drawin g 7 
in drawin g 8 (a) and (b). 

[0043] And to the diode field being formed for the 2nd example at the lateral part of the unit cell 
of a circle configuration, as for the difference between this example and the 2nd above- 
mentioned example, it is only the point that the diode field is formed in a part for the core of the 
unit cell of a circle configuration, conversely, in addition a constitutional difference does not 
have this example between this example and the 2nd example. 

[0044] If it is made the composition of this example, compared with the thing of the 2nd above- 
mentioned example, there is an advantage that resistance of the MOS field channel 13 can be 
made still smaller. In this case, it can be decided according to service conditions, such as a ratio 
of current which flows to IGBT or reverse parallel diode, of what configuration a thing is chosen 
as structure of a unit cell. 

[0045] Moreover, drawing 9 is structural drawing showing the 4th example of the reverse 
conductivity type IGBT concerning this invention. 

[0046] The same sign is attached to the same component as the component shown in drawing 1 
in drawing 9 . 

[0047] And when this example forms the emitter layer 9 of diode, like the 1 st example, a 
difference is only in the point which used meanses, such as placing of an impurity, and did not 
form but was formed using the longitudinal direction impurity diffusion in two base layers 2 which 
adjoin mutually, in addition there is no constitutional difference between this example and the 1st 
example independently. 

[0048] If it is made the composition of this example, low-concentration junction can be formed 
by the lap of the impurity layer by longitudinal direction impurity diffusion, and opposite direction 
pressure-proofing can fully be secured according to the pinch-off effect of a depletion layer. 
[0049] Furthermore, drawing 10 is structural drawing showing the 5th example of the reverse 
conductivity type IGBT concerning this invention. 

[0050] In drawing 10 , 15 is the Schottky barrier, in addition has attached the same sign to the 
same component as the component shown in drawing 1 . 

[0051] And when this example forms the emitter layer 9 of diode, like the 1st example, a 
difference is only in the point which used meanses, such as placing of an impurity, and did not 
form but formed only the Schottky barrier 1 5 between the base 1 and the source electrode 7, in 
addition there is no constitutional difference between this example and the 1st example 
independently. 

[0052] If it is made the composition of this example, while being able to raise the high-speed 
operating characteristic of diode, reduction of a leakage current can be aimed at by narrowing 
the distance between the base layers 2 which adjoin mutually. 

[0053] In each above example, although n channel type reverse flow type IGBT which is p type 
as n type and the 2nd conductivity type as the 1st conductivity type was explained As the 
aforementioned conductivity type, it is not restricted to the above-mentioned thing, and it is 
clear that the same property as the above-mentioned thing is acquired also in p-channel type 
reverse flow type IGBT which is n type as p type and the 2nd conductivity type as the 1 st 
conductivity type. 
[0054] 

[Effect of the Invention] Since it was made to carry out unification composition of IGBT and the 
reverse parallel diode into the base 1 in the form of a unit cell according to this invention as 
explained above While being able to make the current concentration by dispersion in the property 
between the aforementioned cells in a base 1 able to ease and being able to raise the 
destructive-proof limitation of an element The area utilization factor of an element is raised and 
it is effective in the reverse flow type insulated-gate bipolar transistor which can pass bigger 
current being obtained to the same area. 

[0055] Moreover, according to this invention, it is effective in the ability to manufacture easily 
reverse flow type IGBT which unifies IGBT and diode and does not produce current 
concentration in IGBT using the usual means. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is cross-section structural drawing and the plan showing the 1st example of the 
reverse conductivity type IGBT concerning this invention. 

[Drawing 2] It is the block diagram showing the example of the manufacture method of the 
reverse conductivity type IGBT shown in drawing 1 , and is the block diagram showing the first 
process. 

[Drawing 3] It is the block diagram showing the 2nd process in the example of the manufacture 
method of drawing 2 . 

[Drawing 4] It is the block diagram showing the 3rd process in the example of the manufacture 
method of drawing 2 . 

[Drawing 5] It is the block diagram showing the 4th process in the example of the manufacture 
method of drawing 2 . 

[Drawing 6] It is the block diagram showing the process of the last in the example of the 
manufacture method of drawing 2 . 

[Drawing 7] It is the cross-section perspective diagram and plan showing the 2nd example of the 
reverse conductivity type IGBT concerning this invention. 

[Drawing 8] It is the cross-section perspective diagram and plan showing the 3rd example of the 
reverse conductivity type IGBT concerning this invention. 

[Drawing 9] It is cross-section structural drawing showing the 4th example of the reverse 
conductivity type IGBT concerning this invention. 

[Drawing 10] It is cross-section structural drawing showing the 5th example of the reverse 
conductivity type IGBT concerning this invention. 
[Description of Notations] 

1 Base (N-Drift Layer) 

2 Base Layer 

3 Source Layer 

4 Collector Layer 

5 Insulated-Gate Electrode 

6 Gate Electrode Insulating Layer 

7 Source Electrode 

8 Collector Electrode 

9 Emitter Layer 

10 Collector Short Circuit Layer 

1 1 IGBT Channel 

12 Diode Channel 

13 MOS Field Channel 

14 Collector Buffer Layer 

1 5 Schottky Barrier 
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